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Transformation of Perceptual Strength for Vocal Timbre in
Singing Voice using Speech Morphing
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This paper proposes and evaluate a method for synthesizing continuous expressions in vocal timbre
by gradually changing spectral parameters based on STRAIGHT speech morphing algorithm among
differently expressed singing voices. In order to synthesize natural change of various and continuous
strengths of singing voice expressions, a singing voice without expression, “normal,” is used as
the base of morphing, and singing voices of the particular singer with three different expressions,
“dark,” “whispery” and “wet,” are used as targets. The results of the paired comparison between
different strengths of vocal timbre suggested that the decrease of the expression in vocal timbre is
more perceived than the increase in some expressions.
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# 1 Expression Types in Recorded Voices

expression | singing instruction
“normal” flat, without expressions
“dark” entirely like interior tongue vowel

“whispery” | including more white noise

“wet” entirely nasal voice
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# 2 ESVM between without-with expressions

abbr. base target
A-1 | normal dark
A-2 | normal whispery
A-3 | normal wet
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K 4 Discrimination ratios (A-3)
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# 3 ANOVA results of discrimination tests

A-1 “normal” « “dark” A-2 “normal” — “whispery” A-3 “normal” — “wet”
difference object ¢* F p ¢* F P ¢* F p
sequence orders | 1 14.00 <0.01° |1 5.57 0.02° 1 0.29 =0.60
2/32 (0.0625) morphing ratios | 15 0.95  =0.51 15 1.25 =0.23 15 092 =0.54
sequence orders | 1 10.19 <0.01° |1 0.15 =0.90 1 2.53 =0.12
4/32 (0.125) morphing ratios | 7 2.37  0.02 7 1.55 =0.15 7 2.03 0.05
sequence orders | 1 2.36 =0.13 1 0.03 =0.87 1 0.29 =0.59
8/32 (0.25) morphing ratios | 6  3.75  <0.01 6 0.50 =0.81 6 517 <0.01%
sequence orders | 1 0.21 =0.21 1 1.03 =0.31 1 1.38 =0.24
16/32 (0.125) morphing ratios | 4 3.13  0.02 4 0.90 =0.47 4 3.11 =0.07

* ¢ means DOF: degree of freedom
°: significant (<0.05) in post-hoc test

®: significant results were found by post-hoc test in pairs [0-8:8-16, 0-8:12-20, 0-8:16-24, 0-8:20-28],

divided by 32.

0.5

Discrimination ratio

Discrimination ratio

paired comparison of morphing ratios (0 to 1

ascent decent ez

B 7 Order-separately discrimination ratio A-3

4/32(0.125) DE—T 4 VTRDEZHH B L &,
REREDOIRREFIAARICEEEEXS L
Nboh ot FHCEBEDOREIRIC BV THEIR
MEWT EAVRER, KA IFEAE . iz,
ii) ANOVA DRI BIX, T—7 4V TROHE
XOPRFHRDAIEIX, HEZEHY4/32(0.125) B
5 16/32(0.5) DL &, FARIRICHET SAMREEN
AENH, Post-hoc HHic KD, E=T 45
#0/32(0.00) & 8/32(0.25) DLLEHFFICDHEENE
HWNARHEhZICBE R o Tz, Ho T, EXD
FRILRICHNE—FIEROH ST, EROK
BEHD BENEVZS.

4 EE
TEOFEEEREICHT 2 MEICELT, B4

BREBEL ZNEDEFICENT—HHERER
ZTOTHRER, A7V -HMENERELLTD

EOREOHBERE—J3RHBIhEbhoTz. T
N, FRLWVWSRENEO—FENERHNICH
RENBCLZRLTED, EHICFOMBICX
BAL—IUTD, BRLACEILT SEERELE
TLEICAMTHAAREEZERLTWS. 47
JV—HETHZHELDERIZE DICRAERE
L B ARIERE > TITONBRETHD, &
EERTIRIEAT IV —HEOEESEZRE LIz
BEZV. ULH LZOABERIZSBOBFE— T«
YT L BEGN AL S RENSOERAME
ZTHICRLTVS EVNZ &S,

—7, RIEREDO—HWHEBIZHNT, FIEOH
BiRRICHRTH - 12D &K S BOWMHERNED
N, 0.5 L EDORERILOBDOBFEIZHT L
& REIEICHK U THBIEAE N o T2V A AWEER
tRENS. HIZIEH 7 LBROBERICENT,
s U ARIEDFEERTRDIE S BAFIEIAENEL S
I RZ2%. ¥z, K5, 6 ERIcBNTE, BIE
DFAFRAFEICHODIZFREORICESNS &
SIKEAZS. £oT, 2ROEBRENTDOD

&, BERENEES LIRS, BROE
B3 L EFRIIEPOMIC, BbiREH X3 ICH
BYLZCLERRETS. £z, COXS NS
EHICHSMZL, BEIERENEDDDE
{LEE 2R T AT LS ROFETH 5.

5 HbYic

AT, BAMBAL DAV 2S5V a0%
ICENRE L 25 AT SERBEDOTRER L LT,
BNt FEaREMS52HNE L, STRAIGHT %
BAVlERE—T7 4V 2A—REEDRBEL
- A ETERNSEA L, ZOHEIcDW
THRB 0, T—T 4 VI BBARSZOFERD



FKEEEICN LTtz 7o/, 2L T, TE
DEAERBEBEOHMEN AT I —HTEY, &
WO R ZZFT AR 2GR, £2AR, &
BEOBRBAO—NHRICHBNT, F—REICHNRT
BoREOREREMETIRE TR GB, B3

& (BIE) 1THART, FIEES OB LB
SiickBc hbholz. ZThH, TEOXR
1EREDN SICBT 5168 LT, EIEVRIED
BELBIEDRAIK, ThEFNRR 55 cilis%
Ex23C e RERLE. SBIZRBRELRLIC
VLT BHRC, AETRE LZRIELFIED
B A3ECFENMERT A ESHERIEL TV
Eiz.

HIEE

ARTFEDO—ERIIRIFIE 20700106 DBIE %213 HE
ELIZEDTHB. STRAIGHT FHEE— T4 V5
D% CHREE  12°& o FAERL R DR RIS,
FRISEBRIC DWW TR L T L 2 & o Tz bREseifft
ZRMAEFRRZOHRAREAR, Z0OMf, EERIC
T IEE ot ATR DERICRSEIT .

2E

1) Schroder, M., “Emotional Speech Synthesis: A
Review,” Proc. Eurospeech, volume 1, pp. 561—
564, 2001.

2

~

Iida, A., Iga, S., Higuchi, F., Campbell, N., Ya-
sumura, M., “A Speech Synthesis System with
Emotion for Assisting Communication”, Proc.
ISCA Workshop on Speech and Emotion, pp. 167—
172, 2000.

3) Cano, P., Loscos, A., Bonada, J., Boer, M.,
and Serra, X., “Voice Morphing System for
Impersonating in Karaoke Applications,” Proc.
ICMGC?2000, pp. 109-112, 2000.

4) Sogabe, Y., Kakehi, K., and Kawahara, H., “Psy-
chological evaluation of emotional speech using a
new morphing method,” 4th ICCS International
Conference on Cognitive Science, 2003.

5) Matsui, H. and Kawahara, H., “Investigation of
Emotionally Morphed Speech Perception and its
Structure Using a High Quality Speech Manipu-
lation System,” Proc. Eurospeech’03, pp. 2113—
2116, 2003.

6) Kawahara, H., Masuda-Kasuse, 1., and Cheveigne,
A., “Restructuring speech representations using
a pitch-adaptive time-frequency smoothing and
an instantaneous-frequency-based FO extraction:
Possible role of a reptitive structure in sounds,”
Speech Communication, 27, pp.187-207, 1999.

7) Kawahara, H. and Matsui, H., “Auditory Morph-
ing Based on an Elastic Perceptual Distance Met-
ric in an Interference-free Time-frequency Rep-
resentation,” Proc. ICASSP’2003, vol.I, pp. 256—
259, 2003.

8) T. Yonezawa, N. Suzuki, S. Abe, K. Mase, and
K. Kogure, Perceptual continuity and natural-
ness of expressive strength in singing voices based
on speech morphing, EURASIP Journal of Audio
Speech Music Process, vol.2007, no.3, ISSN:1687-
4714, 2007.

9) B—Z, BEMET, mMERL, RELEESED
%, E2FH TL2005-13, pp.31-38, 2005.

10) IRL Ozgen, E; Davies. Acquisition of cate-
gorical color perception: A perceptual learn-
ing approach to the linguistic relativity hypothe-
sis. Journal of Experimental Psychology-General,
131(4):477.493, 2002.

11) J. E. Flege, M. J. Munro, and R. A. Fox. Au-
ditory and categorical effects on cross-language
vowel perception. Journal of Acoustical Sciety of
America, 95(6):3623.3641, 1994.

12) A. Suzuki, S. Shibui, and K. Shigemasu. Tem-
poral characteristics of categorical perception of
emotional facial expressions. Proceedings of the
26th Annual Conference of Cognitive Science Sci-
ety, pages 1303.1308, 2004.





